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Currently, rate control is the recommended treatment for the majority of patients with atrial fibrillation (AF), provided they are not symptomatic (1, 2) . However, the randomized rate versus rhythm control studies did not deal with patients highly symptomatic with the arrhythmia (1, 2) . In these patients, rhythm control with cardioversion and antiarrhythmic drugs or non-pharmacological interventions is desirable (3, 4) . Still, long-term maintenance of sinus rhythm (SR) is cumbersome. This is mainly caused by atrial electrical and structural remodeling (5) (6) (7) . Maintenance of SR is associated with reversal of remodeling (8 -12) . The AF-induced electrical remodeling takes only half a day, and it is considered reversible within 2 to 5 days (9 -12) .
Therefore, in patients undergoing cardioversion for persistent AF, maintaining SR for at least a few days is needed to develop reversed remodeling. In addition, an eventual relapse of AF must be stopped within hours to avoid recurrence of electrical remodeling (12, 13) .
Atrial calcium overload and reduction of L-type calcium channels are the primary cause of electrical and contractile remodeling (6, 7, 14) . Prevention of intracellular calcium overload by calcium antagonists may decrease intractability of AF by preventing these remodeling processes. In a serial cardioversion strategy, remodeling may happen again and again, and in this setting verapamil has not been tested before.
The development of a safe and effective pharmacological rhythm-control strategy would have a major impact on the treatment of AF. Considering the above, we hypothesized that an acute serial cardioversion strategy, by enhancing and consolidating reversed remodeling, could improve arrhythmia outcome in persistent AF. In addition, we reasoned that in this setting verapamil, by preventing repeated intracellular calcium overload, may enhance reversed remodeling and help to slow recurrent remodeling with each recurrence. Therefore, we investigated whether during a serial electrical cardioversion (ECV) strategy, 1) acute cardioversion of subacute recurrences, and 2) prevention of intracellular calcium overload by verapamil in case relapses occur, will decrease intractability of persistent AF. In addition, the influence of the acute strategy on quality of life was investigated.
METHODS
Study design. Seven centers in the Netherlands participated in the study (Appendix). All patients gave written informed consent. The institutional review boards of all hospitals approved the study protocol. The study started in June 2001. Total follow-up was 18 months in all patients.
Only patients with persistent AF without contraindication for oral anticoagulation were included. Persistent AF was defined as non-self-terminating arrhythmia and requiring ECV to obtain SR (15) . Patients were excluded if the current episode of AF had lasted longer than 1 year or if any previous ECV was unsuccessful. A maximum of 1 previous ECV during the last year was allowed. Patients were also excluded if they had unstable angina pectoris, a recent myocardial infarction or cardiac surgery (Ͻ4 weeks), current infection or thyroid disturbances, atrial flutter, a concurrent untreated medical condition, were unlikely to comply with the protocol, heart failure New York Heart Association (NYHA) functional class III or IV, current or previous treatment with amiodarone, or a pacemaker.
This was a randomized open study. Patients were randomized to: 1) acute (using transtelephonic monitoring to identify relapses of AF twice a day and guarantee acute ECVs within 24 h) or routine (rhythm follow-up at the outpatient clinic) serial ECVs; and 2) verapamil (120 to 360 mg daily) or digoxin (0.125 to 0.25 mg daily, after loading, depending on age, heart rate, and renal function) for rate control before ECV and continued during total follow-up (2 ϫ 2 factorial design) ( Fig. 1) . The target was a resting heart rate Ͻ100 beats/min (monitored with a 12-lead resting electrocardiogram) (2) . If patients were treated with verapamil or digoxin before inclusion, the drugs were discontinued after randomization, and patients received verapamil or digoxin according to the randomization. If patients were using a beta-blocker, they were allowed to continue this drug.
From 4 weeks before until 4 weeks after ECV, all patients received phenprocoumon or acenocoumarol (target interna-tional normalized ratio [INR] 2.5 to 3.5, according to the Netherlands guidelines). Anticoagulation was monitored at a regional center of The Netherlands Thrombosis Services, which specializes in monitoring anticoagulant treatment in outpatients. If SR was present at 1 month, the oral anticoagulant could be stopped or changed to aspirin (80 to 100 mg daily), depending on stroke risk factors. Two weeks after randomization, the patients visited the outpatient clinic for physical examination, transthoracic echocardiography, and a 24-h Holter monitor to assess rate control. The ECV was scheduled 1 month after randomization and was performed only if anticoagulant treatment had been adequate. After this first ECV, patients followed their randomized ECV strategy, including those who had spontaneous conversion to SR before the first ECV. All patients continued verapamil or digoxin throughout the study.
Electrical cardioversion was performed during light general anesthesia by using 20 mg of etomidate intravenously. A calibrated mono-or biphasic defibrillator, which could store 360 or 200 J of energy, respectively, was used as a cardioversion device. We started with 100 or 50 J of stored energy, respectively. Thereafter, energy load of successive shocks was doubled until SR was restored or after 2 attempts at the highest level. All shocks were applied to the chest in an anterior-lateral paddle configuration. Immediate outcome of the shock was monitored by continuous 12-lead electrocardiogram for 5 min. Post-shock rhythm monitoring was secured by telemetry for 4 h.
Patients visited the outpatient department 1, 3, 6, 12, 15, and 18 months after cardioversion. At each visit, complaints, cardiovascular events, physical examination, and a 12-lead electrocardiogram were recorded. Additional visits were performed 1 month after each re-ECV. During the first month, patients randomized to the acute group monitored and transmitted their heart rhythm twice a day to the Holter analysis department of the University Medical Center Groningen by using a wrist-electrocardiogram recorder. Two experienced Holter technicians judged all wristelectrocardiograms. After this month, patients received 
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AF
ϭ atrial fibrillation CI ϭ confidence interval ECV ϭ electrical cardioversion INR ϭ international normalized ratio IRAF ϭ immediate reinitiation of atrial fibrillation LV ϭ left ventricle/ventricular NYHA ϭ New York Heart Association SR ϭ sinus rhythm instructions concerning recurrence detection, and in case of a relapse, they were instructed to come to the hospital immediately in order to perform ECV within 24 h. After each recurrence after the first month, they used the wristelectrocardiogram recorder twice a day for another 2 weeks. If in the acute cardioversion group the first study ECV was unsuccessful, amiodarone was instituted according to the schedule mentioned in the following text. In case of a relapse, ECV was repeated as soon as possible, but always within 24 h after relapse of AF. The first month after the first cardioversion, no antiarrhythmic drugs were instituted (except for amiodarone for 2 weeks; see the text that follows), regardless of the number of preceding ECVs. In the case of an unsuccessful re-ECV (i.e., no SR restored during ECV, or untreatable immediate reinitiation of atrial fibrillation [IRAF], or a relapse of AF within 4 h after ECV), patients received amiodarone: immediately after unsuccessful (repeat) ECV, 300 mg amiodarone intravenously in 30 min, followed by 1,200 mg during the next 24 h. Repeat ECV was performed 24 h after loading with amiodarone. In the case of chemical conversion or successful repeat ECV, amiodarone was continued orally at 600 mg daily for 2 weeks. Amiodarone was used as the first-choice drug because we expected that this drug would most effectively prevent recurrences. Amiodarone was used as a temporary drug; i.e., after maintaining SR for at least 2 weeks, the drug was stopped. In the case of an unsuccessful repeat ECV, amiodarone orally (600 mg daily) was continued for 4 weeks. Subsequently, in the case of no chemical conversion, ECV was repeated (see routine cardioversion group). In the case of a relapse after 1 month, prophylactic antiarrhythmic drugs were instituted (see routine cardioversion group), but the acute strategy still applied. If the combination of a class III antiarrhythmic drug with verapamil or digoxin led to symptomatic sinus bradycardia, AV conduction disturbances, or low blood pressure, dosages of verapamil or digoxin were lowered or discontinued.
In the routine cardioversion group, after the first cardioversion, no antiarrhythmic drugs were instituted. After a relapse, patients started with sotalol (240 to 320 mg daily) and, in the case of another relapse within 3 months, amiodarone (600 mg daily for 4 weeks before ECV, followed by 200 mg daily after ECV) was instituted. Relapses, which occurred Յ3 months of SR, were interpreted as failure of the antiarrhythmic drug presently instituted, and these patients continued to the next drug. Sotalol, but not amiodarone, was instituted in-hospital during 24 h of telemetric monitoring. We did use sotalol and not amiodarone as a first-line treatment in case of a recurrence to comply as much as possible with the routines in our clinic. Obviously, amiodarone would have prevented recurrences better than sotalol or flecainide, but it was not used to avoid as much as possible its potential side effects (3). In the case of a relapse of AF, a repeat ECV was scheduled as hospital routines dictated, but always within 4 to 6 weeks.
The primary end point was permanent AF, which was defined as acceptance of AF if patients experienced a relapse of AF within 3 months after cardioversion or shock failure while on amiodarone, provided adequate plasma levels (amiodarone and desethylamiodarone cumulative plasma levels Ͼ2.0 mg/l), or if patients had a relapse of AF and antiarrhythmic drug-related side effects, or if patients refused another ECV. Quality of life. Quality of life was assessed using the Medical Outcomes Study Short-Form health survey (SF-36) questionnaire. The SF-36 is a standardized, validated, generic health survey that has been frequently used in arrhythmia studies. The SF-36 has been translated and validated in the Netherlands (16) . Quality of life was determined at baseline and at the end of follow-up. Statistical analysis. The primary objective was to test our hypothesis that acute cardioversion after a relapse of AF will decrease intractability of AF, i.e., permanent AF. This study was originally powered to detect a relative difference of 50% in permanent AF, which was based on our results from a previous cardioversion study (17) . With 40% permanent AF in the acute cardioversion group versus 60% in the routine cardioversion group after 18 months of follow-up, 240 patients were needed to reach statistical significance with a power of 80% and alpha of 0.05 (two-sided). The present manuscript describes the final results of the VERDICT (Verapamil Versus Digoxin and Acute Versus Routine Serial Cardioversion Trial) after 144 patients had completed the study, at the time of the planned interim analysis. With 32% versus 31% permanent AF in the acute versus the routine cardioversion group, it was decided to stop further inclusion of patients. A secondary aim of this study was to investigate whether prevention of intracellular calcium overload by verapamil (but not by digoxin) will reduce permanent AF. The baseline characteristics of patients were compared with chi-square tests and t tests. For all time-toevent analyses, Kaplan-Meier estimates were used and were compared by the log-rank test. Univariate and multivariate Cox regression analyses were performed to determine predictors of permanent AF. For categorization of continuous variables, cutoff points were chosen on the basis of clinical relevance or the median value. The univariately analyzed variables included gender, age, hypertension, coronary artery disease, valvular heart disease, diabetes, heart failure, cardiomyopathy, respiratory disease, AF duration, previous ECV(s), previous antiarrhythmic drug use, body mass index, blood pressure, heart rate, echocardiographic atrial and ventricular dimensions, medication use (including verapamil and digoxin use), and ECV strategy (acute versus routine). All univariate variables with p Ͻ 0.10 were added to the multivariate model. In multivariate models, interaction was investigated. All tests performed in order to test the (null-) hypothesis of no treatment difference were two-sided. Patient data were used in accordance with the intention-totreat principle. A p Ͻ 0.05 was considered statistically significant. For all analyses, commercially available com-puter software (Statistical Analysis System version 6.12, SAS Institute, Cary, North Carolina) was used.
RESULTS
Characteristics of the patients.
A total of 144 patients were enrolled in the study. At inclusion (1 month before ECV), 74 (51%) were randomized to the acute and 70 (49%) to the routine cardioversion group. Furthermore, 74 (51%) patients were randomized to verapamil and 70 (49%) to digoxin for rate control (Fig. 1 ).
Acute versus routine serial cardioversion.
There were no significant differences in baseline characteristics (Table 1 ). In the acute and routine groups, 43 (58%) and 39 (56%) patients, respectively, had an unsuccessful ECV or a subacute recurrence of AF Յ30 days (p ϭ NS) ( Fig. 2) . Late recurrences Ͼ30 days after the first study ECV occurred in 20 (27%) and 17 (24%) of the acute and routine randomized patients, respectively (p ϭ NS). Nine (12%) and 10 (14%) patients maintained SR during the total follow-up, respectively (p ϭ NS). After 18 months, no difference in permanent AF between both groups was No significant differences in medication use between both groups at ECV, and after 1 and 18 months of follow-up were present, except for amiodarone use after 1 month (40% vs. 9% of patients in the acute versus the routine cardioversion group, respectively; p Ͻ 0.001) and sotalol use at 18 months (4% vs. 23%, respectively; p Ͻ 0.05) ( Table 2) . Amiodarone was started in 16 patients because of shock failure (12 vs. 4 patients in the acute vs. the routine group, respectively; p Ͻ 0.05), in 21 patients because of IRAF (15 vs. 6 patients in the acute versus the routine group, respectively; p Ͻ 0.05), and in 36 patients because of repeated . At the end of follow-up, 77% of patients (n ϭ 111) still used phenprocoumon or acenocoumarol, 5% (n ϭ 7) were on aspirin therapy, and 18% (n ϭ 26) discontinued their anticoagulant therapy. Efficacy of acutely repeated cardioversions. In the acute group, most re-ECVs were performed during the first week after the initial ECV (37 re-ECVs during the first week, and 12, 6, and 5 re-ECVs during the second, third, and fourth weeks after the initial ECV, respectively). Median time spent in SR between the first ECV and the first relapse was 3 (0 to 19) days; between the second ECV (re-ECV1) and the second relapse, 3 (0 to 119) days; and between re-ECV2 and the third relapse, 9 (1 to 478) days. Re-ECV1 in the acute group was performed Ͻ24 h in 94% of patients, re-ECV2 in 81% of patients Ͻ24 h, and re-ECV3 in 70% of patients. Thereafter, the number of patients with an acute re-ECV sharply decreased. Acute repeated ECVs were postponed predominantly because of unsuccessful ECVs necessitating amiodarone loading (Fig. 2) . Progressive increase in duration of the repetitive episodes of SR were observed in 38% who underwent a second ECV (re-ECV1), in 38% undergoing a third ECV (re-ECV2), and in 14% undergoing a fourth ECV (re-ECV3). Atrial fibrillation was predominantly accepted because of failure of the strategy (71% vs. 95% in the acute vs. the routine group, respectively; p ϭ NS). More refusals for a repeated ECV were observed in the acute group (29% vs. 5%, respectively; p Ͻ 0.05). Verapamil versus digoxin. No significant differences in baseline characteristics were present (Table 1) . To obtain adequate rate control, more patients in the digoxin group were treated with additional beta-blocker therapy (60% vs. 38%, respectively; p ϭ 0.01) ( Table 3 ). During 24-h Holter monitoring performed 2 weeks after inclusion mean heart rate was comparable in the verapamil versus the digoxin group: 82 Ϯ 12 beats/min versus 84 Ϯ 13 beats/min, respectively. Spontaneous conversion occurred in 12% (n ϭ 9) of patients on verapamil versus 1% (n ϭ 1) of patients on digoxin (p ϭ 0.01). There was no significant difference in the time to the first relapse ( Fig. 4) . After 18 months of follow-up, AF was accepted in 28% (n ϭ 21) (95% CI 19 to 40) versus 36% (n ϭ 25) (95% CI 25 to 48) of the verapamil-versus the digoxin-treated patients, respectively (p ϭ 0.33) ( Fig. 5 ), despite more ECVs in the digoxin group (median of 3 vs. 2, p Ͻ 0.001, and Ն3 ECVs in 60% vs. 28% in the digoxin vs. verapamil group, respectively; p Ͻ 0.001). A total of 19 patients maintained SR after 1 ECV Figure 4 . Time to first relapse in the acute group between digoxin-versus verapamil-treated patients. (13 patients randomized to verapamil vs. 6 patients randomized to digoxin; p ϭ NS). At the end of follow-up, 17% of patients in the digoxin group versus 10% in the verapamil group used sotalol, and 44% in the digoxin group versus 34% in the verapamil group were treated with amiodarone (both p ϭ NS) ( Table 3) . Thromboembolic complications and bleeding. Bleeding occurred in 6 patients (4%) during oral anticoagulant therapy (all patients had an INR Ͼ3.0). Two patients (1%) had a transient ischemic attack. There were no differences in anticoagulant therapy and complications between the groups. Parameters related to occurrence of permanent AF. In the total patient group, multivariate analysis revealed that the use of digoxin monotherapy was the only parameter related to a higher occurrence of permanent AF (adjusted hazard ratio 2.2 [1.1 to 4.4], p ϭ 0.02) ( Table 4) . From multivariate analysis, there was no evidence of interaction between ECV strategy (acute or routine) and drug strategy (verapamil or digoxin).
Outcome of cardioversions.
First study ECV was performed in 129 patients. In 15 patients, no ECV was performed because of spontaneous conversion (n ϭ 10), heart failure (n ϭ 1, verapamil acute group), refusal (n ϭ 2, verapamil routine group and digoxin routine group), stroke (n ϭ 1, digoxin routine group), and respiratory insufficiency (n ϭ 1, verapamil routine group) before the planned cardioversion. First study ECV was successful in 111 patients (86%) and unsuccessful in 8% because of shock failure and in 6% because of IRAF. No significant differences in this figure were observed between digoxin-and verapamil-randomized patients.
Quality of life. There were no significant differences in quality of life between the acute and the routine cardioversion groups. At the end of follow-up, scores on general health perception and bodily pain were significantly higher in the routine group compared to the acute group. At that time, the acute group showed a significant improvement on 3 subscales (physical role limitations, social functioning, and vitality), whereas patients randomized to the routine group demonstrated a significant improvement on 6 subscales. No significant differences between verapamil-and digoxinrandomized patients were observed at baseline or at 18 months of follow-up. At the end of follow-up, the digoxin group showed a significant improvement on 5 subscales, and the verapamil group on 3 subscales (data not shown). In patients who were in SR at 18 months, quality of life was not significantly different compared to patients in AF.
DISCUSSION
This study shows that an acute serial cardioversion strategy does not improve the outcome of rhythm-control therapy. Also, in a serial cardioversion strategy, verapamil does not have beneficial effects. Finally, digoxin monotherapy should not be instituted in patients in whom rhythm control is indicated.
Acute serial cardioversion. This study does not show any advantage of an acute serial cardioversion strategy. Theoretically, an acute cardioversion strategy may, by enhancing and consolidating reversed remodeling, improve arrhythmia outcome in persistent AF managed with serial cardioversions (9 -12) . Similar to us, Fynn et al. (13) designed an early repeated internal ECV strategy to support recovery from electrical remodeling and to reduce subsequent AF recurrences. Although they could demonstrate reversal of electrical remodeling, no beneficial effect on maintenance of SR was observed, comparable to our findings. Several explanations may be responsible. First, time to repeated 1007 JACC Vol. 48, No. 5, 2006 Hemels et al. September 5, 2006 September 5, :1001 Rhythm Control for Persistent AF cardioversion may have been too long. Even though repeated cardioversions were performed within 24 h in the majority of the patients in both studies after the first and second re-ECV, that may not have been early enough to succeed with such a strategy. The delay, in part, was caused by the occurrence of shock failure and/or IRAF, necessitating amiodarone loading, and by the patient's (ultimate) refusal of repeated ECV. Second, the time in SR after the first, second, and third cardioversion may not have been enough to overcome remodeling. In line with this, Tieleman et al. (12) showed that flecainide may recover its antiarrhythmic conversion efficacy after cardioversion of AF, but only if AF relapses last Ͻ10 h after SR has lasted for more than 4 days. Third, other factor(s), e.g., structural remodeling, may be present that require a stronger antiarrhythmic effect to overcome relapses of AF, if reversible at all (18, 19) . Recent experimental data further substantiated the importance of factor(s) other than electrical remodeling alone for the persistence of AF. Todd et al. (20) demonstrated that sequential 4-week periods of maintained AF with 2 days of SR in between, increased AF stability and inducibility independent of the baseline atrial effective refractory period. The latter suggests that despite acute cardioversions, consecutive episodes of AF cumulatively may increase the degree of remodeling, prohibiting complete reversal of (structural) remodeling. Calcium-channel blockade for prevention of AF. Experimentally, prevention of calcium overload by calcium antagonists may decrease intractability of AF by preventing remodeling processes (21) . Although effective if prescribed in combination with antiarrhythmic drugs (22) (23) (24) , verapamil monotherapy seems ineffective to prevent subacute recurrences (25, 26) . The discrepancy with experimental data may relate to the fact that in patients, calcium-lowering treatment is almost always started after the start of AF (27) . In a serial cardioversion strategy, remodeling may happen again and again, and in this setting verapamil has not been tested before. Unfortunately, this strategy also did not demonstrate a beneficial effect of verapamil, and also not for the occurrence of IRAF, as has previously been described (28) . There are several explanations for this disappointing result. First, in order to obtain adequate rate control, in 60% of the patients randomized to digoxin, a beta-blocker was added. Beta-blockers also lower intracellular calcium and may thus have ameliorated outcome in the digoxin arm. On the other hand, Bertaglia et al. (29) observed that pretreatment with verapamil and amiodarone prevented electrical remodeling, whereas the combination of metoprolol and amiodarone only accelerated recovery of electrical remodeling. Second, as discussed in the preceding text, consecutive episodes of AF cumulatively increase the degree of remodeling, prohibiting prevention of remodeling by calcium-lowering therapy (20) . The previously described profibrillatory effects of verapamil (30), however, were not observed. Multivariate analysis showed that patients treated with digoxin as monotherapy more frequently relapsed into permanent AF. Quality of life. Quality of life is significantly reduced in patients with AF and is not importantly affected by a rateor rhythm-control strategy (1, 16) . In this study, in all randomized groups, several subscales of the SF-36 improved during follow-up whether or not SR was maintained. Thus, both adequate rate control and successful rhythm control induced a comparable improvement in quality of life. This improvement may be explained, at least in part, by the fact that at baseline, 4 weeks ahead of the first-study ECV, quality of life was assessed before adequate rate control was obtained. This also may clarify why we did not observe any beneficial effect of SR. Two SF-36 domains were significantly higher in the routine compared to the acute ECVrandomized patients. During follow-up, however, improvement occurred on 6 subscales in the routine group versus 3 in the acute group. This may be a sign that an acute ECV strategy impairs quality of life. Study limitations. This is a relatively small study. A replication of our study, possibly in the setting of noninferiority, would be of help in establishing an optimal rhythm-control strategy. Furthermore, the acute serial cardioversion strategy, including acutely repeated cardioversion within 24 h, could not always be accomplished, either because of shock failure or IRAF, or patient refusal. This, however, is an important finding indicating that an acute serial cardioversion strategy is not feasible in clinical practice. The routine arm, like the acute arm, might have benefited from the temporary use of amiodarone to suppress subacute recurrences, to the effect that maybe the routine arm would have shown even better results than the acute arm. However, we felt not justified to use amiodarone in the routine arm because it was not part of the clinical routine at the time of the study, and we wanted to avoid the adverse effects of chronic amiodarone as much as possible. Finally, the verapamil hypothesis also could not be tested thoroughly because, for clinical reasons, beta-blockers had to be instituted as an additional rate-control drug in the digoxinrandomized patients. Beta-blockers also have calciumlowering capacities.
Conclusions. An acute serial cardioversion strategy does not improve rhythm control. Furthermore, verapamil has no beneficial effect in a serial cardioversion strategy. Therefore, the role of calcium-lowering drugs in preventing AFinduced electrical remodeling in clinical practice, which in the recent past has been much emphasized, is at least arguable.
